1. Introduction {#s0005}
===============

Anorexia nervosa (AN) is an eating disorder primarily affecting young women and is associated with the highest levels of social impairment and lifetime suicidality amongst all eating disorders ([@bb0005; @bb0330]) as well as one of the highest mortality rates of any psychiatric disorder ([@bb0015]). Character traits such as negative emotionality (affect and attitudes), harm avoidance and perfectionism have been reported both in children who later develop AN as well as in long-term recovered patients and may contribute to the development of AN ([@bb0240]). Similarly, several studies have reported the onset of an anxiety disorder before the onset of an eating disorder, with a large number endorsing a social phobia ([@bb0155; @bb0235]).

Over 55% of AN patients have at least one comorbid disorder and this may explain some of the heterogeneity commonly observed in the AN population ([@bb0205; @bb0340]). Current literature on the impact of such comorbid disorders is not clear, with some studies reporting no impact ([@bb0165]), while others report significantly poorer outcome in the presence of comorbidity ([@bb0075; @bb0370]). Another issue is whether this purely affects an individual\'s general psychosocial functioning or if it has an effect on the pathology of AN ([@bb0010; @bb0040; @bb0160]).

Research in psychosocial functioning has shown higher levels of alexithymia ([@bb0100; @bb0195; @bb0220]), social anhedonia ([@bb0345]) and poor work and social adjustment ([@bb0350]) in AN compared to healthy controls (HC). Previous experimental studies assessing emotion processing have found that individuals with AN show poor emotion recognition and are slower to respond in emotion identification tasks ([@bb0185; @bb0215; @bb0230; @bb0255; @bb0280; @bb0310]). These results are not fully conclusive, as other earlier studies using similar experimental paradigms don\'t match these findings ([@bb0245; @bb0265]). One of the possible confounding factors in these observations is the high comorbidity of AN with affective disorders, which have also been associated with impaired emotion processing ([@bb0335; @bb0030]). Previous studies using facial expression processing tasks (FEPT) have attributed the differences in accuracy and misclassifications in AN to self-reported levels of depression ([@bb0215]), obsessive compulsive symptoms ([@bb0065]) and anxiety ([@bb0175]).

The onset of AN often occurs during adolescence ([@bb0340]), a developmental period associated with changes in social cognition which is paralleled with changes in brain regions associated with social function ([@bb0025]). [@bb0270] proposed a *Social Information Processing Network* (SIPN) which is made up of three basic nodes; a detecting node, an affective node and a cognitive-regulatory node. Disturbances in the *affective node* (amygdala, hypothalamus, ventral striatum, septum, orbitofrontal cortex and bed nucleus of the stria terminalis) and the *cognitive-regulatory node* (dorsomedial prefrontal cortex and ventral prefrontal cortex) during adolescence could lead to mental illnesses such as schizophrenia and depression. The *detecting node* (fusiform face area, superior temporal sulcus and anterior temporal lobe), which is already mature before adolescence, has been linked to early developmental disorders, such as autism spectrum disorder (ASD) ([@bb0085; @bb0090; @bb0315]). Previous behavioural literature has suggested similarities in the psychosocial profiles of AN and ASD ([@bb0180; @bb0175; @bb0260; @bb0280; @bb0285; @bb9000]) and [@bb0385] hypothesised that, similarly to what happens in ASD, a hyperactive amygdala may mediate hypoactivation of the fusiform gyrus and of the superior temporal sulcus in AN, leading to a social attentional bias *away* from faces (i.e. avoidance of emotional experience ([@bb0115; @bb0250; @bb0060])). This would express itself in the avoidance of faces ([@bb0060; @bb0190; @bb0365; @bb0385]) as well as in the absence of congruent facial expressions ([@bb0095]). However, other studies have either not found this bias ([@bb0065]), or actually reported an attentional bias *to* facial expressions ([@bb9900; @bb0190]).

Functional and structural neuroimaging studies have reported alterations in the *detecting node* ([@bb0300; @bb0355; @bb0360]) and [@bb0120] reported disrupted functional connectivity in AN in the ventral stream of visual processing. However, none of these studies focused on psychosocial functioning in AN. Recently, recovered AN patients were found to show no significant difference in activation in the fusiform gyrus or in the amygdala to sad or happy facial expressions ([@bb0070]). This might suggest that alterations in these regions during emotion processing are state dependent and only present during illness.

To date, most studies of psychosocial functioning in AN patients have revealed impaired performance and neuroimaging studies have reported both functional and structural changes in regions implicated within the SIPN. However, there is no literature on the underlying brain activity associated with the processing of social signals in ill state. Furthermore, the question remains whether or not the impairment is solely attributable to the pathology of AN, or if it is linked to commonly present comorbid disorders. The aim of this study was thus to assess the neural correlates of implicit emotion processing in AN using a whole-brain approach. Additionally, we explored the effects of confounding factors, such as comorbidity within the affective spectrum and psychotropic medication, on emotion processing in AN.

2. Methods {#s0010}
==========

2.1. Participants {#s0015}
-----------------

A total of sixty-six female participants took part in this study. Thirty-one individuals with a current diagnosis of AN according to DSM-IV criteria were recruited from the hospital and community services of the South London and Maudsley (SLaM) National Health Service Trust and from an online advertisement on the b-eat website (Beating Eating Disorders ---<http://www.b-eat.co.uk>), the UK\'s largest eating disorder charity (inpatients = 9, outpatients = 8, daycare patients = 7, community = 7). Twenty-five (81%) were diagnosed as restrictive (AN-R) and six (19%) as binge-purging (AN-BP). Fourteen (45%) reported taking antidepressant (SSRI = 12, SNRI = 1) or anti-anxiety medication. Thirty-five age-matched healthy individuals with no personal or family history of eating disorders were recruited from the community, staff and students of the Institute of Psychiatry, King\'s College London. Two healthy participants were excluded from further analysis due to currently taking antidepressant medication and two were excluded for optimal matching of the two groups in terms of age and IQ. Body mass index $\left( {{BMI} = \frac{kg}{m^{2}}} \right)$, medication, age of onset and duration of illness were obtained on the day of testing. The screening module of the research version of the Structured Clinical Interview for DSM disorders (SCID-I/P) ([@bb0125]) was used as a screening tool for the healthy controls (HC). The National Adult Reading Test (NART) was used to estimate IQ ([@bb0275]). Participants consent was obtained according to the Declaration of Helsinki (BMJ 1991; 302: 1194) and was approved by the National Research Ethics Committee London Bentham (11-LO-0952).

2.2. Clinical measures {#s0020}
----------------------

All participants completed a range of questionnaires before attending the scanning session to assess levels of anxiety, depression, eating disorder-related behaviour, obsessive compulsive symptoms and social anhedonia. The Hospital Anxiety and Depression Scale (HADS) ([@bb0380]) consists of 14 items used to assess the overall severity of depression and anxiety. Its performance in screening for anxiety and depression has been proven and it has been shown to also have good case finding abilities in non-clinical populations ([@bb0020]). For both subscales, a score of 10 is used as a clinical threshold. The Eating Disorders Examination Questionnaire (EDE-Q) ([@bb0110]) is a self-report questionnaire, consisting of 36 items, that looks at a participants\' behaviour over the past 28 days, with scores ranging from 4 to 6 indicating greater clinical severity. The Obsessive--Compulsive Inventory Revised (OCI-R) ([@bb0130]) is an 18-item list of first person statements that participants have to rate according to the level of distress they felt when they experienced those statements over the past month. The OCI-R has shown good internal consistency and test--retest reliability, and it is able to discriminate between OCD sufferers, anxious controls and non-anxious controls. A total score higher than 20 is used as a cut-off for optimal discrimination with non-anxious controls. The Revised Social Anhedonia Scale (R-SAS) ([@bb0105]) is a 40-item list of statements that participants can either agree or disagree with, and it is widely used in psychiatric research to identify social anhedonic individuals ([@bb0200; @bb0305; @bb0345]). A total score above the optimal cut-off score of 12 is used to identify social anhedonic individuals ([@bb0295]).

2.3. Implicit facial emotion processing task (I-FEPT) {#s0025}
-----------------------------------------------------

A series of photographs of 10 different faces devoid of any gender specific details (4 males and 6 females) taken from a standardised series ([@bb0375]) was used as stimuli. These faces portrayed a neutral expression (100% neutral), a prototypical happy expression (100% happy) or a morphed, mildly happy expression (50% neutral and 50% happy). All three facial expressions were presented a total of 20 times for 2 s each in the same order to all participants. Each facial expression was preceded by the other two expressions an equal amount of times to minimise any effect of the preceding facial expression on current neural response. The duration of the inter stimulus interval (ISI) ranged from 1 to 7 s (average of 3 s) and was fixed according to a Poisson distribution to prevent participants from predicting the onset of the next stimulus. Participants used a joystick to specify the gender of the face during each presentation, and they were asked to focus on a fixation cross during the ISI. Stimuli were projected on a rear-projection screen and participants could view the screen via a prism attached to the head coil.

2.4. Image acquisition {#s0030}
----------------------

Magnetic resonance imaging was performed using a 1.5 T GE Signa HDx TwinSpeed MRI scanner (GE-Medical Systems, Wisconsin) at the Centre for Neuroimaging Sciences, Institute of Psychiatry, King\'s College London. The body coil was used for radio frequency (RF) transmission, with an 8 channel head coil for RF reception. A high resolution EPI scan, to be used for fMRI data normalisation, was acquired at 43 near-axial 3 mm thick slices parallel to the anterior commissure--posterior commissure (AC--PC) line (echo time 40 ms, repetition time 3000 ms, flip angle 90°, in-plane voxel size 1.88 mm, inter-slice gap .3 mm, field of view 240 mm, matrix size 128 × 128 pixels). T2\*-weighted gradient echo EPI images depicting blood-oxygen-level-dependent (BOLD) contrast were acquired at 25 near-axial slices, 5 mm thick, parallel to the AC--PC line (echo time 40 ms, repetition time 2000 ms, flip angle 70°, in-plane voxel size 3.75 mm, inter-slice gap .5 mm, field of view 240 mm, matrix size 64 × 64 pixels). A total of 180 T2\*-weighted whole brain volumes were acquired for each participant. Data quality was assured using an automated quality control procedure ([@bb0320]).

2.5. Behavioural data analysis {#s0035}
------------------------------

Demographic, clinical and performance data were analysed using IBM SPSS version 20 (IBM [@bb0210]). Data normality was assessed using the Shapiro--Wilk test. Where data were normally distributed, the Student t-test was used to examine between-group differences. For non-normal data, the non-parametric Mann--Whitney U test was used. With regard to correlations, Pearson\'s *r* was used for normally distributed data and Spearman\'s rho (ρ) otherwise.

Due to multicollinearity amongst self-report measures, a principal component analysis (PCA) was employed to find a subset of the questionnaires that was uncorrelated with each other to control for comorbidities. Bartlett\'s test of sphericity, Kaiser--Meyer--Olkin measure of sampling adequacy, and whether each variable showed at least a medium-sized correlation with at least one other variable were used to test the PCA assumptions. Components with an eigenvalue greater than one were selected.

2.6. Neuroimaging data analysis {#s0040}
-------------------------------

Imaging data were analysed with XBAM version 4.1 (<http://brainmap.co.uk>), a non-parametric fMRI software package developed at the King\'s College London\'s Institute of Psychiatry ([@bb0035]). Data were first processed to minimise motion related artefacts ([@bb0045]) and, following spatial realignment, images were smoothed with an 8.83 mm full-width half-maximum (FWHM) Gaussian filter.

Responses to each condition were then detected by time-series analysis using a linear model in which each component of the experimental design was convolved separately with a pair of Gamma Variate kernels (λ = 4 and 8 s) to allow for variability in the haemodynamic delay. The best fit between the weighted sum of these convolutions and the time-series at each voxel was computed using the constrained BOLD effect model ([@bb0140]). A goodness of fit statistic was then computed as the ratio of the sum of squares of deviations from the mean image intensity resulting from the model (over the whole time-series) to the sum of squares of deviations resulting from the residuals (SSQ ratio).

Following computation of the observed SSQ ratio at each voxel, the data were permuted by the wavelet-based method described in [@bb0050]. The observed and permuted SSQ ratio maps for each individual were then transformed into the standard space of [@bb0290], using a two-stage warping procedure ([@bb0035]). Group maps of activated voxels were then computed using the median SSQ ratio at each voxel (over all individuals) in the observed and permuted maps ([@bb0035]). Computing intra and inter participant variations constitute a mixed effect approach, which is desirable in fMRI. The detection of activated regions was extended from voxel to 3D cluster-level using the method described by [@bb0055].

Comparisons of responses between-groups at each condition and comparisons of responses between-conditions for each group separately were performed by fitting the data at each intracerebral voxel at which all participants have non-zero data using the linear model$$\Upsilon = a + {bX} + e$$where 'Y' is the vector of SSQ ratios for each individual, 'X' is the contrast matrix for the inter-group/inter-condition contrast, 'a' is the mean effect across all individuals in the groups/conditions, 'b' is the computed group/condition difference and 'e' is a vector of residual errors. The model is fitted by minimising the sum of absolute deviations to reduce outlier effects. The null distribution of 'b' is computed by permuting data between-groups/conditions, refitting the above model a maximum of 50 times at each voxel, and combining the data over all intracerebral voxels. To contrast the different facial expressions, linear and quadratic trends for emotion intensity were fitted at each voxel for all individuals in the two groups and the same process of wavelet-based resampling to derive the observed and null distributions was performed. A linear trend was fitted to identify voxels that demonstrate an increase in activation for increasing emotion intensity (happy \> mildly happy \> neutral). A quadratic trend (happy \> mildly happy \> neutral) was fitted to validate the linear relation of the response to the increasing emotional intensities. Using the derived null distribution, all resulting 3D cluster-level maps were then thresholded in such a way as to yield less than one expected type I error cluster per map.

3. Results {#s0045}
==========

3.1. Clinical measures {#s0050}
----------------------

There was a significant difference between the AN and HC mean scores on the EDE-Q, the OCI-R, the R-SAS and the HADS (p \< 0.05), as depicted in [Table 1](#t0005){ref-type="table"}. On the EDE-Q, 83.9% of the AN group scored above the optimal point for distinguishing between HC and cases of AN (\> 2.80). Within this group, 51.6% had a score lower than four on the EDE-Q. For the OCI-R, the proportion of individuals in the AN group with a total score higher than twenty-one was 48.4%. Across the AN group, 53.3% had a score above twelve on the R-SAS. For the HADS depression (HADS_D) and anxiety (HADS_A) subscales, 51.6% and 87.1% respectively, had a score of ten or higher.

3.2. Principal component analysis {#s0055}
---------------------------------

Principal component analysis revealed a single component with an eigenvalue greater than one. This component contained all five questionnaires and reflects a greater amount of general clinical symptoms, thereby excluding the possibility of covarying separate clinical measures ([Table 2](#t0010){ref-type="table"}).

3.3. Behavioural measures {#s0060}
-------------------------

Both groups showed high accuracy on gender decision in the implicit facial expression recognition task and there was a significant difference between the two (see [Table 3](#t0015){ref-type="table"}). The AN patients were slower on the task across all conditions and there was no significant difference in reaction time to the different emotions within both groups.

To assess whether the differences were due to medication, the AN group was divided into two subgroups depending on the presence of psychotropic medication (Supplementary Table 1). There was no significant difference in reaction time for all three facial expressions, but those taking psychotropic medication (AN-M) were less accurate (91.6%) than those not taking medication (AN-NM) (97.5%) and this difference was significant (U = 56.5, z = − 2.504, p = 0.012).

3.4. Neuroimaging results {#s0065}
-------------------------

### 3.4.1. Linear trend analysis {#s0070}

Linear trends were fitted to assess regions that expressed an increase in activation to an increase in emotional intensity in facial expressions (happy \> mildly happy \> neutral). A group x condition interaction was found, showing greater activation in the right fusiform gyrus, extending into the occipital lobe, in AN compared to HC ([Fig. 1](#f0005){ref-type="fig"}a, [Table 4](#t0020){ref-type="table"}).

Post-hoc comparisons were made in which each facial expression was contrasted with a low-level baseline (fixation cross) and between-group comparisons (AN vs. HC) were made for each facial expression.

### 3.4.2. Neutral facial expressions {#s0075}

Individuals with AN demonstrated greater activation in the bilateral fusiform gyrus, left postcentral gyrus and bilateral anterior cingulate gyrus whereas HC showed greater activation in the right lingual gyrus extending into the posterior cingulate gyrus during presentation of neutral facial expressions ([Fig. 1](#f0005){ref-type="fig"}b, [Table 4](#t0020){ref-type="table"}).

### 3.4.3. Mildly happy facial expressions {#s0080}

The HC group had greater activation in the posterior cingulate gyrus (extending into the cuneus and lingual gyrus) while the AN group showed greater activation in the bilateral fusiform gyrus (extending into the middle occipital cortex) and left postcentral gyrus ([Fig. 1](#f0005){ref-type="fig"}c, [Table 4](#t0020){ref-type="table"}).

### 3.4.4. Prototypical happy facial expressions {#s0085}

During prototypical happy facial expressions the AN group showed greater activation in the right fusiform gyrus and the left precentral gyrus compared to HC ([Fig. 1](#f0005){ref-type="fig"}d, [Table 4](#t0020){ref-type="table"}). No regions were found to be significant for the reverse contrast.

### 3.4.5. Exploratory effects of medication {#s0090}

The initial trend analysis was repeated within the AN group to assess the effects of medication and a linear increase in activation was found in the left postcentral gyrus ([Fig. 2](#f0010){ref-type="fig"}a, [Table 4](#t0020){ref-type="table"}), but not the fusiform gyrus, in AN-NM (n = 14) compared to AN-M (n = 14).

To further assess the effect of medication, a trend analysis was performed both between AN-M (n = 14) and HC (n = 14) as well as between AN-NM (n = 17) and HC (n = 17) using a subset of HC optimally matched based on age and IQ (Supplementary Table 2). The initial comparison showed a linear increase in activation in the left postcentral gyrus in HC compared to AN-M ([Fig. 2](#f0010){ref-type="fig"}b, [Table 4](#t0020){ref-type="table"}). The second comparison showed a linear increase in the right fusiform gyrus in AN-NM compared to HC ([Fig. 2](#f0010){ref-type="fig"}c, [Table 4](#t0020){ref-type="table"}).

4. Discussion {#s0095}
=============

The aim of this study was to assess implicit emotion processing in AN using facial expressions along the neutral--happy continuum. Previous studies have reported impairments in emotion processing in AN using questionnaires and discrimination paradigms measuring accuracy and reaction time ([@bb0230; @bb0215; @bb0065; @bb0190; @bb0175];), but this is the first study using functional neuroimaging to measure implicit emotion processing in current patients with AN.

Our findings consistently revealed greater activation in AN vs. HC in the fusiform gyrus across all three conditions, which increased along the neutral--happy continuum. This would suggest that alterations in implicit emotion processing occur during early perceptual processing of social signals within the *detection node* of the SIPN ([@bb0270]) before any social evaluative processes occur in the *affective* and *cognitive-regulatory node*. If we assume that the strength of the BOLD response in this region is an indicator of the salience of the stimulus then this would suggest that individuals with AN are more attentive to facial expressions than HC. Greater activation in the fusiform gyrus in AN has been reported in body image studies as a sign of greater saliency ([@bb0150; @bb0355]) and taken together this could suggest that, compared to HC, individuals with AN are more engaged in the task. A study by [@bb0135] found an increased startle response in AN to body and food stimuli, but also to pictures depicting positive stimuli. Similarly, [@bb0190] reported slower responses to an Emotional Stroop Task in AN, that was not found when using non-social stimuli. However, the aforementioned study focused on angry facial expressions and did not use any positive stimuli.

It should be noted that greater activation of the fusiform gyrus has been associated with time spent fixating on facial expressions in ASD ([@bb0090]). Additionally, a study by [@bb0365], using eye-tracking, reported that the AN group avoid viewing faces and the eyes, similar to what ASD patients do. However, as there was no indication of a linear increase in time spent fixating on the facial expressions of increasing emotion intensity before giving a response it is unlikely that this was driving the increase in BOLD signal.

Though [@bb0215] suggested that, when using a facial expression recognition task, psychotropic medication might play a role in reaction time, there was no significant difference in reaction time in the AN group between individuals currently taking psychotropic medication and individuals without medication. However, there was a significant difference in accuracy as AN-NM showed higher accuracy. While there was no difference found within AN (AN-NM vs. AN-M) in the right fusiform gyrus, upon contrasting AN-M with HC there was no indication of a greater BOLD response in AN. As AN-NM does show this increase it is likely that AN-NM was the cause of the greater BOLD response in AN. This might suggests that psychotropic medication 'normalises' the BOLD response in AN-M.

Structural brain alterations have frequently been reported in AN, including the regions found in this study ([@bb0360]), and changes in neurovascular coupling could bias the interpretation of signal changes ([@bb0080]). While there are no studies on the effect of brain atrophy on the BOLD response in AN, studies in other clinical populations have reported a positive correlation between atrophy and BOLD activation that differs from normal degeneration ([@bb0170; @bb0225]). Therefore it is uncertain whether these changes actually imply an increase in neural activation, and thus either a prolonged gaze fixation or greater saliency, or if it is an overestimation of the BOLD response due to atrophy. Both groups perform similarly in terms of gender judgement and it is possible that AN may require more resources (cerebral blood flow) in order to perform near the level of HC. Additionally, [@bb0120] found reduced functional connectivity in the fusiform gyrus within the ventral visual network in AN, and this too could play a role in explaining the functional alterations seen here.

PCA revealed that the questionnaires used in this study measure a general level of clinical symptoms present in AN, and that they cannot be used separately to try and control for comorbid disorders. Previous studies have used self-report measures as predictors of performance on emotion processing paradigms in AN ([@bb0065; @bb0175; @bb0215; @bb0345]), but all with different outcomes. While it is possible that the strong correlations between these measures are solely present in the current study, it is important that future studies carefully consider their use as a predictive measure for performance.

To date, this is the first study to assess emotion processing in currently ill AN. The results presented here contribute to a neglected area of research into positive emotions in eating disorders and illustrate a difference in neural processing that occurs during the earlier stages of social perception and increases with the emotional intensity. This is distinct from the ASD neuroimaging literature, where a hypoactive fusiform gyrus in response to facial expressions is commonly reported ([@bb0085; @bb0090; @bb0315]). Likewise, previous neuroimaging studies in depression have found a negative correlation between symptom severity and the magnitude of activation in the fusiform gyrus to positive emotions ([@bb9500; @bb0325; @bb0030]). Associations between neural activation during emotion processing and trait-anxiety have been found in the insula and amygdala, but not in the fusiform gyrus ([@bb0325; @bb9800]). [@bb9700] did report significantly greater activation in face-processing regions, including the fusiform gyrus, in OCD patients that increased with symptom severity, but this finding has not been replicated using an implicit emotion processing task.

In conclusion, our results demonstrated increased BOLD fMRI response in the fusiform gyrus to facial expressions with increasing positive emotional intensity (happiness). This suggests that, in AN, emotionally happy facial expressions are more salient than in HC and this difference remains consistent for facial expressions along the neutral--happy continuum. Additionally, it seems that psychotropic medication does play a role in implicit emotion processing in AN patients. Those taking medication did not show the same changes in the fusiform gyrus compared to HC and demonstrated poorer accuracy on the task. It is important to note, that the BMI of the AN sample is quite 'high' compared to the AN population and this might explain why medication does seem to have some effects in this sample. Our stringent statistical approach employed alongside the largest AN cohort to date makes a strong argument for the findings presented here, but future studies should aim to replicate these findings and assess the role of brain atrophy on the BOLD response in AN. Additionally, future studies of those at risk of developing AN are required to detect possible alterations in the *affective* and the *cognitive-regulatory node* of the SIPN ([@bb0270]) during development. Further empirical studies exploring emotion processing as well as expression are also required in our endeavour to translate such research findings to clinical practice.

5. Limitations {#s0110}
==============

As the findings presented here are limited to positive emotions (happiness), it is unknown whether other emotions, such as anger, fear or sadness, elicit a similar response in AN, or if the findings presented here are specific for positive emotions. It is interesting to note that when [@bb0070] investigated both happy and sad facial expressions in recovered AN, they found no functional differences compared to HC, suggesting that similarly to AN brain atrophy, these alterations could be reversible.

While post-hoc analysis did not reveal bilateral activation during prototypical happy facial expressions, we hypothesise that changes are present but do not reach significance within our data. This could be due to different temporal patterns of activation in the left and right fusiform gyrus ([@bb9600]) to facial stimuli that are not optimally captured by event-related modelling of the neural response.

Furthermore, the demonstrated multicollinearity of the questionnaires used here illustrates the caveats to using multiple self-report measures to control for confounding factors in psychiatric disorders with a broad spectrum of comorbidities. Future studies should aim to enforce more rigorous recruitment to aim for more homogenous samples. Additionally, the current sample consisted mostly of the AN-R subtype and it is possible that these results are limited to AN-R. Further research on the differences between AN-R and AN-BP is required either by restricting recruitment to one subtype or by matching AN-R and AN-BP for additional analyses. It is also possible that conducting fMRI at higher field strengths would increase the likelihood of finding subtle differences in regions known to be elusive at lower field strength, such as the amygdala ([@bb0145]).

Finally, as the presence of medication seems to 'normalise' the BOLD response in AN it is therefore vital that future studies not only take these effects into account, but also perhaps delve deeper into the efficacy of psychotropic medication on emotion processing.
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![Differences in BOLD response on the I-FEPT for AN (red) and HC (blue) for a) linear trend analysis where happy \> mildly happy \> neutral facial expressions (p = 0.006, FDR Corrected), b) neutral facial expressions (p = 0.009, FDR Corrected), c) mildly happy facial expressions (p = 0.01, FDR Corrected), and d) prototypical happy facial expressions (p = 0.01, FDR Corrected).](gr1){#f0005}

![Differences in BOLD response on the I-FEPT for a linear trend analysis where happy \> mildly happy \> neutral for a) AN-NM (red) compared to AN-M (p = 0.005, FDR Corrected), b) for AN-M compared to matched HC (blue) (p = 0.006, FDR Corrected), and c) for AN-NM (red) compared to matched HC (p = 0.006, FDR Corrected).](gr2){#f0010}

###### 

Clinical and demographic characteristics.

                                                            AN             Range        HC           Range        Test statistic            p
  --------------------------------------------------------- -------------- ------------ ------------ ------------ ------------------------- ----------
  Age[a](#tf0005){ref-type="table-fn"}                      23 (10)        18--46       25 (4)       22--45       U = 388, z = − 1.114      0.265
  BMI[b](#tf0010){ref-type="table-fn"}                      15.9 (1.6)     12.0--19.1   21.9 (1.8)   18.0--25.5   t \[60\] = 13.895         \< 0.001
  Estimated IQ[a, c](#tf0005 tf0015){ref-type="table-fn"}   110 (10)       103--122     118 (9)      102--129     U = 242.5, z = − 3.223    0.001
  HADS_D[a](#tf0005){ref-type="table-fn"}                   9 (7)          2--17        1 (4)        0--7         U = 776, z = 4.219        \< 0.001
  HADS_A[b](#tf0010){ref-type="table-fn"}                   15.1 (3.9)     7--21        4.1 (2.9)    0--11        t \[55.828\] = − 12.516   \< 0.001
  OCI-R[a](#tf0005){ref-type="table-fn"}                    17 (28)        2--50        6 (6)        0--11        U = 697.5, z = 3.060      0.007
  R-SAS[a, d](#tf0005 tf0020){ref-type="table-fn"}          10.5 (11.75)   0--33        5.0 (5.0)    0--17        U = 651, z = 2.688        \< 0.001
  EDE-Q[a](#tf0005){ref-type="table-fn"}                    3.6 (2.9)      1.5--5.8     .53 (.76)    0.0--2.6     U = 807, z = 4.597        0.002

U test statistics for Mann--Whitney U for data not normally distributed, median values displayed with interquartile range.

t test statistics for t-test pairwise comparisons for data normally distributed, mean values displayed with standard deviations.

One AN participant did not complete the NART, therefore estimated IQ is based on 30 scores.

One AN participant did not complete the R-SAS and the mean is based on 30 scores.

###### 

Correlation coefficients for the relationship between depression, anxiety, obsessionality, social anhedonia and eating disorder symptomology variables.

           HADS_A   OCI-R   R-SAS   EDE-Q
  -------- -------- ------- ------- -------
  HADS_D   .875     .788    .738    .788
  HADS_A            .794    .672    .850
  OCI-R                     .741    .725
  R-SAS                             .610

###### 

Reaction time and gender decision accuracy on the I-FEPT overall as well as reaction time per emotional intensity.

                                                                              AN                  HC                 Test statistic         p
  --------------------------------------------------------------------------- ------------------- ------------------ ---------------------- ----------
  Overall accuracy[a](#tf0025){ref-type="table-fn"}                           96.7% (6.7)         100.0% (5.0)       U = 243, z = − 3.411   0.001
  Overall reaction time (RT)[b](#tf0030){ref-type="table-fn"}                 1151.7 ms (173.4)   958.9 ms (136.1)   t (60) = − 4.869       \< 0.001
  Neutral expressions RT[b](#tf0030){ref-type="table-fn"}                     1184.8 ms (200.9)   980.7 ms (158.6)   t (60) = − 4.441       \< 0.001
  Mildly happy facial expressions RT[b](#tf0030){ref-type="table-fn"}         1183.7 ms (197.6)   955.6 ms (143.3)   t (60) = − 5.204       \< 0.001
  Prototypical happy facial expressions RT[b](#tf0030){ref-type="table-fn"}   1144.4 ms (175.0)   957.8 ms (139.9)   t (60) = − 4.636       \< 0.001

Data is not normally distributed, median values displayed with interquartile range.

Data is normally distributed, mean values displayed with standard deviation.

###### 

Significant clusters of activation on the I-FEPT. Coordinates are those of the peak voxels and are in standard space of Talairach and Tournoux.

  Region                                                               Cluster properties   Direction                             
  -------------------------------------------------------------------- -------------------- ----------- -------- ----- ---------- ---------------
  *Trend analysis (happy \> mild \> neutral) AN vs. HC*                                                                           
  Right fusiform gyrus                                                 36.1                 − 70.4      − 12.7   136   \< 0.001   AN \> HC
                                                                                                                                  
  *Neutral Facial Expressions AN vs. HC*                                                                                          
  Right lingual gyrus                                                  32.5                 − 74.1      − 7.2    125   0.003      HC \> AN
  Left fusiform gyrus                                                  − 36.1               − 51.9      − 18.2   36    0.009      AN \> HC
  Right fusiform gyrus                                                 25.3                 − 74.1      − 12.7   73    0.004      AN \> HC
  Left anterior cingulate gyrus                                        − 3.6                7.4         42.4     47    0.005      AN \> HC
  Left postcentral gyrus                                               − 28.9               − 22.2      42.4     71    0.005      AN \> HC
                                                                                                                                  
  *Mildly happy facial expressions AN vs. HC*                                                                                     
  Left posterior cingulate gyrus                                       − 10.9               − 55.6      9.4      122   0.009      HC \> AN
  Left inferior occipital gyrus                                        − 39.7               − 70.4      − 7.2    83    0.008      AN \> HC
  Right fusiform gyrus                                                 32.5                 − 59.3      − 12.7   89    0.005      AN \> HC
  Left postcentral gyrus                                               − 28.9               − 22.2      42.4     109   0.003      AN \> HC
                                                                                                                                  
  *Prototypical happy facial expressions AN vs. HC*                                                                               
  Right fusiform gyrus                                                 36.1                 − 66.7      − 12.7   159   \< 0.001   AN \> HC
  Left precentral gyrus                                                − 32.5               − 22.2      53.4     93    0.004      AN \> HC
                                                                                                                                  
  *Trend analysis (happy \> mild \> neutral) AN-M vs. AN-NM*                                                                      
  Left postcentral gyrus                                               − 43.3               − 18.5      42.4     105   \< 0.001   AN-NM \> AN-M
                                                                                                                                  
  *Trend analysis (happy \> mild \> neutral) AN-M vs. (matched) HC*                                                               
  Left postcentral gyrus                                               − 32.5               − 29.6      42.4     80    0.003      HC \> AN-M
                                                                                                                                  
  *Trend analysis (happy \> mild \> neutral) AN-NM vs. (matched) HC*                                                              
  Right fusiform gyrus                                                 36.1                 − 70.4      − 7.2    158   \< 0.001   AN-NM \> HC
  Left inferior occipital gyrus                                        − 32.5               − 74.1      − 1.65   45    0.006      AN-NM \> HC
  Left precentral gyrus                                                − 28.9               − 29.6      53.4     81    \< 0.001   AN-NM \> HC

[^1]: Both authors contributed equally to the manuscript.
